Many transgenic and knockout mouse models of prostate cancer have become available over the past decade. In this paper we describe a simple biopsy technique of the murine prostate. This technique allows sequential follow-up of the prostate in an individual mouse. Its use could also reduce the number of mice used in studies of the prostate gland.
Prostate cancer (PC) is a leading cause of illness and death among men in the Western world. Dietary factors, lifestyle-related factors and androgens have long been recognized as contributors to the risk of PC. During the past decade, molecular studies have provided unexpected clues to how PC arises and progresses. The identification and characterization of genes associated with inherited susceptibility to PC and genes with a high frequency of somatic mutations in PC cells suggest that infection or inflammation of the prostate contributes to the development of PC (Nelson et al. 2003) .
In vitro study of clonal cell lines does not provide the opportunity to examine the dynamic interactions between the various cellular compartments that comprise the intact prostate gland. These include the prostatic epithelium, endothelium, neuroendocrine cells and stroma. The availability of an animal model that reproducibly and systematically recapitulates all the events in the development of PC and the metastatic cascade would contribute significantly to our understanding of human PC and its biology (Greenberg et al. 1995 , Huss et al. 2001 , Abate-Shenn & Shen 2002 , KaplanLefko et al. 2003 , Winter et al. 2003 .
The characterization of promoter elements that primarily target gene expression to the prostate has led to the generation of numerous mouse models for prostate carcinogenesis. In particular, promoter elements from the rat probasin gene can direct transgene expression to the ventral and dorsolateral prostate (DLP) and to a lesser extent to the anterior prostate (AP). Examples of transgenic models include: TRAMP -minimal probasin promoter driving expression of SV40 large and small T antigens (Greenberg et al. 1995) ; and LADYlarge probabsin promoter driving expression of SV40 large T antigen (Masumori et al. 2001) . Knockout examples include composite probasin promoter expressing Cre recombinase in a mouse line harbouring floxed RXRa allele (Huang et al. 2002) , and composite probasin promoter expressing Cre recombinase in a mouse line harbouring floxed Pten allele (Wang et al. 2003) .
Certain similarities between the mouse and human prostate gland support the use of mouse models for elucidation of key molecular alterations that accompany PC development and progression. However, there are also major gross and microanatomical differences between the prostate in the two species, which impact on certain basic aspects of pathological analysis in mouse models and their application to clinicopathological issues in human PC. Nonetheless, mouse models can provide significant advantages for studying the molecular mechanisms of prostate carcinogenesis, including mechanisms based on gain-of-function of oncogenes and/or lossof-function of tumour suppressor genes (Huss et al. 2001 , Abate-Shenn & Shen 2002 , Kaplan-Lefko et al. 2003 .
In contrast to the human, where the prostate gland is encased by stroma and a capsule into a single gland devoid of adipose tissue, the rodent prostate is divided into four grossly distinct lobes. Each lobe is surrounded by and separated from the others by fibrous and adipose connective tissue. The mouse prostate can be separated into the AP or coagulating gland, the ventral prostate (VP), dorsal prostate (DP) and lateral prostate (LP) (Figure 1 ). The DP and LP are often grouped together as the DLP.
The individual glands making up each prostatic lobe are surrounded by an extremely thin stroma, composed of only a few layers of spindle cells interspersed among collagen fibres. The stroma of each duct or gland is immediately surrounded by loose connective tissue, imparting a lobular architecture to the prostate, without the abundant intervening dense collagenous stroma which surrounds the glands of adjacent 'lobules' in the human prostate. In addition, nerve bundles, which are seen within the prostate stroma (interior to the capsule) in the posterolateral aspects of the human gland, are not observed within the thin rim of mouse stroma. Rather, thick nerve bundles, and the associated ganglia, are typically encountered in the peristromal loose connective tissue, often in sections of the DLP.
The mouse AP lies adjacent to the seminal vesicles essentially along almost its entire curved length. The epithelium is columnar with central nuclei and granular pink cytoplasm. The mucosa forms typical fingerlike projections. The lumen is filled with homogenous slightly eosinophilic serous secretory material ( Figure 3A ). The architecture of the AP glands and the relationship to the Wolffian duct-derived seminal vesicle is reminiscent of the human central zone.
The mouse DP is composed of branching ducts and glands lined by simple and occasionally slightly stratified and tufted columnar epithelium. The moderate degree of mucosal infolding is intermediate between the AP and the flatter luminal surface of the LP and VP. The lining secretory cells have lightly eosinophilic granular cytoplasm and central to basal small uniform nuclei, which contain inconspicuous or small nucleoli ( Figure 3B ). Glandular lumena contain homogenous eosinophilic secretion.
The LP has a flat luminal surface, with only sparse mucosal infolding. The lining epithelium is cuboidal to short columnar, with light granular eosinophilic cytoplasm and small uniform basal nuclei. The glandular lumena are relatively large and contain abundant particulate eosinophilic secretion ( Figure 3B ).
The VP is also lined by a flat mucosa with only focal epithelial tufting or infolding. The nuclei are small, uniform and typically basal with inconspicuous or small nucleoli. The large luminal spaces contain homogenous pale serous secretion (Kaplan-Lefko et al. 2003 , Shappell 2004 .
Here we present a technique for biopsy of the normal and transformed prostate gland in mice. To our knowledge, this is the first description of such a technique in this species. Tissue obtained in this manner can be used for studies of morphology, 
Materials and methods

Animals
To establish the technique, different strains of male mice aged 2-7 months were used, including outbred (CD1, n ¼ 5, normal prostate; and Crl:CD1[ICR], n ¼ 5, normal prostate), inbred (C57Bl/6J, n ¼ 5, normal prostate; and Balb/C, n ¼ 5, normal prostate) and TRAMP mice (n ¼ 14, normal prostate; and n ¼ 60 with various stages of prostatic hyperplasia and neoplasia). The work with TRAMP mice is part of a study of prostatic cancer approved by the Institutional Animal Care and Use Committee (IACUC). All animals are from the Genetically Modified Animal Facility, a specific pathogen-free facility of the Weizmann Institute. The mice are kept in individually ventilated cages. Cages are changed every eight days. The food is irradiated and the water autoclaved and acidified to pH 2.9-3.1. The mice are monitored daily by a caretaker. All animal rooms are temperature (211C), humidity (50-55%) and light cycle (12/12) controlled. The health status of the mice is monitored regularly according to the requirements of FELASA. All procedures were carried out with the IACUC approval.
Procedure
The duration of anaesthesia required is very short -15 min is usually sufficient. Both inhalant and injectable anaesthesia may be employed. In our procedure we used a combination of ketamine HCl 200 mg/kg (Ketaset, Fort Dodge Animal Health, Fort Dodge, IA, USA) and xylazine 10 mg/kg (Chanazine, Chanelle Pharmaceuticals Manufacturing Ltd, Loughrea, County Galway, Ireland) injected intraperitoneally. The surgical procedure is carried out with the aid of an operating microscope (OPMI s Pico, Zeiss, Germany). After the mouse is anaesthetized, the lower abdomen is clipped. The external skin is disinfected with an iodine solution and 70% alcohol. A sterilized drape or bandage with a 4 cm elliptical opening is placed to protect the edges of the wound and maintain sterility. A 1.5 cm skin incision is done on the midline of the caudal abdomen using a #15 scalpel blade. Special care should be taken to identify and spare the preputial glands which lie immediately under the skin (Figure 2A) . The two lobes of the preputial gland are separated along the midline by blunt dissection ( Figure 2B ) to allow visualization of the underlying linea alba. A 1.5 cm incision is made in the linea alba just cranial to the penis. The linea alba must be incised very carefully, preferably with Metzenbaum dissecting scissors, to avoid rupture of the urinary bladder in cases where it is left full. When the linea alba is cut, the urinary bladder comes into view. For anatomical orientation, it is preferable to keep the bladder full when taking a biopsy from a normal prostate, especially in aged males with abundant fat. Once the relevant anatomical structures are identified, the bladder should be emptied before obtaining a biopsy to reduce the risk of inadvertent damage to the bladder wall. When the prostate gland is enlarged, orientation is easy and the bladder may be manually expressed immediately after opening the linea alba. Reflection of the two edges of the linea alba can be done either with tissue retractors with blunt, gently curved atraumatic blades or by using two micro-serrefines with delicate, atraumatic serrations. At this point orientation can be assisted by gentle manipulation of the exposed organs with a blunt probe. The ventral, lateral and anterior prostatic lobes, spermatic cord and urinary bladder can be identified ( Figure 2C ). Special caution must be taken to avoid any direct contact with the seminal vesicles as they are extremely friable and rupture easily. At this stage the bladder can be emptied by gentle digital compression. The lobe selected for biopsy (VP, LP or AP) can be elevated with forceps. It is recommended to remove fat, which lies over the VP and LP. This can be done with two forceps by separating the fat from the prostatic parenchyma. Several Laboratory Animals (2005) 39 instruments may be used for tissue collection. We have used with good results a handpiece with a straight knife tip for biopsy of the normal prostate ( Figure 2C ) and a handpiece with a straight loop 0.5 cm tip (Perfect Veterinary Surgical Unit UL7115, Ultronics, Cuyahoga Falls, OH, USA) for biopsy of prostatic tumours ( Figure 2D) . It is also possible to obtain a biopsy from a normal prostate by applying light pressure with flat forceps at the proximal edge of the tissue that is being collected.
The blood supply to the prostate is via the prostatic ramus, a branch of the umbilical artery. This branch does not pose significant danger of haemorrhage in the normal prostate. It is very small and can be easily thermocoagulated if damaged. When collecting tissue from an enlarged prostate, blood vessels should be avoided as they are usually thick and branched.
Suturing of the linea alba is done with 3/0 monofilament nylon and the skin is closed with tissue clamps using three surgical clips. It is necessary to lift the skin when applying the clips to avoid entrapment of the penis and the preputial glands. If the procedure was carried out aseptically, there is no need for antibiotics. During recovery the mice should be placed in a warmed environment (371C). Recovery is fast and the mice do not show any signs of discomfort. We do not use any postoperative analgesia. To date we have not encountered any complications and all mice survived the procedure.
The size of the biopsied tissue is 1-2 mm in diameter. This amount of tissue is adequate for histological evaluation Only a single lobe is biopsied in each procedure. Only one biopsy is done in each mouse. Subsequent evaluation of the biopsied prostate is performed following euthanasia. Typically, the interval between biopsy and euthanasia is approximately four weeks in TRAMP mice. In normal mice we have allowed an interval of up to 14 weeks. We have not noted scar formation at the site of previous biopsy of normal or neoplastic prostate. In cases of prostatic neoplasia, we have been unable to identify the site of previous biopsy as the usual outcome after an interval of 3-4 weeks from the first biopsy to euthanasia is massive tumour growth.
Discussion
Many PC mouse models are currently available, including orthotopic xenografts, chemical and hormonal induction, and transgenic mice. These models offer significant advantages for studying mechanisms of prostate carcinogenesis. Transgenic mouse models are especially valuable for elucidating the molecular and cellular processes that lead to PC initiation, progression and metastasis, and evaluation of the efficacy and suitability of therapeutic modalities and chemopreventive trials (Kasper & Smith 2004) . The simple method of prostate biopsy outlined above is useful for monitoring clinical, gross pathological, histopathological, molecular and biochemical progression of PC.
One of the foremost problems of clinical management of PC is the current inability to determine, at diagnosis, which PC will, or already has progressed to disseminated disease. The limitation to obtaining repeated biopsies in human patients renders followup of the genetic progression of PC in an individual patient difficult and hinders the study of this crucial problem. The use of transgenic mice model, such as TRAMP, in conjunction with the aforementioned procedure of prostate biopsy provides a powerful system to explore and better understand the factors that govern the progression of disseminated disease.
We have used this technique with good results in an ongoing study of prostate carcinogenesis in the TRAMP mouse.
